The purpose was to analyze the effects of Tai-Chi training in women with fibromyalgia (FM). Methods. Thirtytwo women with FM (mean age, 51.4 ± 6.8 years) attended to Tai-Chi intervention 3 sessions weekly for 28 weeks. The outcome measures were: tenderness, body composition, functional capacity and psychological outcomes (Fibromyalgia impact questionnaire (FIQ), Short Form Health Survey 36 (SF-36)). Results. Patients showed improvements on pain threshold, total number of tender points and algometer score (all P < 0.001). The intervention was effective on 6-min walk (P = 0.006), back scratch (P = 0.002), handgrip strength (P = 0.006), chair stand, chair sit & reach, 8 feet up & go and blind flamingo tests (all P < 0.001). Tai-Chi group improved the FIQ total score (P < 0.001) and six subscales: stiffness (P = 0.005), pain, fatigue, morning tiredness, anxiety, and depression (all P < 0.001). The intervention was also effective in six SF-36 subscales: bodily pain (P = 0.003), vitality (P = 0.018), physical functioning, physical role, general health, and mental health (all P < 0.001). Conclusions. A 28-week Tai-Chi intervention showed improvements on pain, functional capacity, symptomatology and psychological outcomes in female FM patients.
Background
Fibromyalgia (FM) is a chronic diffuse pain condition that probably results from abnormal central pain processing [1, 2] . The symptoms most frequently are chronic pain, characterized by generalized pain, stiffness, fatigue, disturbed sleep, psychological distress, and impaired cognitive function [3, 4] .
Physical exercise therapy might be an alternative approach [5] . It has been suggested that a nonextenuating physical exercise, mind-body exercise, and some type of relaxation therapies can also increase pain tolerance, producing a global improvement in the quality of life of FM patients [6] [7] [8] [9] .
Tai-Chi is a balance-based exercise that integrates lowspeed and low-impact body movements with deep breathing together with elements of relaxation and mental concentration. It has been shown to improve physical function, strength, and balance, reduce falls in older adults [10] , and improves quality of life and psychological health [11] [12] [13] . A recent review suggested potential benefits from Tai-Chi exercise on balance and psychological health [14] . In addition, the benefits of Tai-Chi therapy include improvements in physical and mental well-being in patients with a variety of diseases and disorders [15] . As a traditional Chinese style mind-body exercise [16] , Tai-Chi practice requires tranquility of mind during slow movements [17, 18] . TaiChi is regarded as a light exercise [19, 20] that consists 2 Evidence-Based Complementary and Alternative Medicine in a series rhythmic movements that emphasize trunk rotation, weight shifting, and coordination [21] . During TaiChi practice, diaphragmatic breathing is coordinated with graceful motions to achieve mind tranquility [20] .
Three studies analyzed the benefits of Tai-Chi in women and men with FM [22] [23] [24] , yet more studies are needed to confirm their results. Furthermore, to our knowledge, there are no studies investigating the effect of Tai-Chi long-term intervention in FM patients. Thus, the purpose of the present study was to analyze the effects of a 7-month Tai-Chi training and detraining (3 months) on functional capacity, quality of life, symptomatology, and psychological outcomes in women with FM.
Materials and Methods

Study Participants and Design.
We contacted with two local associations of patients with FM (Granada and Motril, Spain). Thirty-eight potentially eligible patients responded and gave their written informed consent after receiving detailed information about the aims and study procedures. The inclusion criteria were: (i) meeting the American College of Rheumatology (ACR) criteria widespread pain for more than 3 months and pain with 4 kg/cm 2 of pressure for 11 or more of 18 tender points [4] , (ii) not to have other severe somatic or psychiatric disorders, such as stroke or schizophrenia, or other diseases that prevent physical loading, and (iii) no to be attending another type of physical therapy at the same time. After the baseline measurements, 6 patients refused to participate due to incompatibility with job schedule. Therefore, a final sample of 32 women with FM participated in the study. Patients were not engaged in regular physical activity >20 minutes on >3 days/week.
The study flow of patients is presented in Figure 1 . Originally, the aim was to assess a control group of age-and gender-matched patients, but we had an ethical obligation with the Association of Fibromyalgia Patients (Granada, Spain) to provide treatment to all patients willing to participate in the study. Then, a quasi-experimental reversal design was applied, that is, lacking a control group. The purpose of the research design was to determine a baseline measurement, evaluate a treatment (Tai-Chi intervention), and evaluate a return to a nontreatment condition (detraining) in the same group of participants. This type of design particularly controls participant bias well, as the same individual is used at each testing time point. The study outcomes were measured before the intervention (baseline), after 28 weeks of intervention (post-test), and after 3 months of a detraining period (detraining) during which the patients stopped practicing Tai-Chi and did not engage in any structured exercise intervention.
The research protocol was reviewed and approved by the Ethics Committee of the Virgen de las Nieves Hospital (Granada, Spain Classes were taught by a Tai-Chi master with teaching experience. The first two weeks of the intervention were focused on learning fundamental movement patterns. In subsequent sessions, patients practiced 8-Form, Yang Style Tai-Chi under master supervision.
Training intensity was controlled by the rate of perceived exertion (RPE) based on Borg's conventional (6-20 point) scale. The medium value of RPE was 11 ± 1. This RPE value corresponds to a subjective perceived exertion of "light," that is, low intensity.
Outcomes Measures.
Pretest, posttest, and detraining intervention assessments were carried out on two separate days with at least 48 hours between each session. This was done in order to prevent patient's fatigue and flareups (acute exacerbation of symptoms). The assessment of the tender points, blind flamingo test, chair stand test, and psychological outcomes were completed on the first visit. Body composition and the chair sit and reach, back scratch, 8 feet up and go, handgrip strength, and 6-min walk tests were performed on the second day.
Tender Points Assessment.
We assessed 18 tender points according to the American College of Rheumatology criteria for classification of FM using a standard pressure algometer (EFFEGI, FPK 20, Alfonsine, Italy) [4] . The mean of two successive measurements at each tender point was used for the analysis. Tender point scored as positive when the patient noted pain at pressure of 4 kg/cm 2 or less. The total count of such positive tender points was recorded for each participant. An algometer score was calculated as the sum of the minimum pain-pressure values obtained for each tender point.
Body Composition and Anthropometric Assessment.
We performed a bioelectrical impedance analysis with an eight-polar tactile-electrode impedanciometer (InBody 720, Biospace). The validity of this instrument was reported elsewhere [25, 26] . Height (cm) was assessed using a stadiometer (Seca 22, Hamburg, Germany), body mass index (BMI) was calculated as weight (in kilograms) divided by height (in meters) squared. Waist circumference (cm) was measured with the participant standing at the middle point between the ribs and ileac crest (Harpenden anthropometric tape Holtain Ltd).
Functional Capacity.
To assess functional capacity we used the Senior Functional Fitness Test Battery [27] . Additionally, we also measured the handgrip strength and the blind flamingo test, which have been used in FM patients [28] . The fitness test battery was administered by trained and qualified researchers.
Lower-body muscular strength: the "Chair stand test" involves counting the number of times within 30 second that an individual can rise to a full stand from a seated position with back straight and feet flat on the floor, without pushing off with the arms [27] . The patients carried out 1 trial after familiarization.
Upper-body muscular strength: "Handgrip strength" was assessed using a digital dynamometer (TKK 5101 Grip-D; Takey, Tokyo, Japan) as described elsewhere [29] . Patients performed (alternately with both hands) the test twice allowing a 1-minute rest period between measures. The best value of 2 trials for each hand was chosen and the average of both hands was registered.
Lower-body flexibility: in the "chair sit and reach test," the patient seated with one leg extended slowly bends forward sliding the hands down the extended leg in an attempt to touch (or past) the toes. The number of centimeters short of reaching the toe (minus score) or reaching beyond it (plus score) is recorded [27] . Two trials with each leg were measured and the best value of each leg was registered, being the average of both legs used in the analysis.
Upper-body flexibility: the "back scratch test," a measure of overall shoulder range of motion, involves measuring the distance between (or overlap of) the middle fingers behind the back [27] . This test was carried out alternately with both hands twice, and the best value was registered. The average of both hands was used in the analysis.
Static balance: it was assessed with the blind flamingo test [30] . The number of trials needed to complete 30 seconds of the static position is recorded, and the chronometer is stopped whenever the patient does not comply with the protocol conditions. One trial was accomplished for each leg, and the average of both values was selected for the analysis.
Motor agility/dynamic balance. The "8 feet up and go test" involves standing up from a chair, walking 8 feet to and around a cone, and returning to the chair in the shortest possible time [27] . The best time of two trials was recorded and used in the analysis.
Aerobic endurance: we assessed the "6-min walk test." This test involves determining the maximum distance (meters) that can be walked in 6 min along a 45.7 meters rectangular course [27, 31] .
Psychological Outcomes.
Symptomatology was assessed by means of the Spanish version of the Fibromyalgia Impact Questionnaire (FIQ) [32] . The FIQ contains 10 subscales of disabilities and symptoms, ranging from 0 to 10. A total score may be obtained after normalization of some subscales and summing the subscales, the FIQ total score, range from 0 to 100, in which a higher score indicates a greater impact of the syndrome. The FIQ total score, and the subscales for physical function, feel good, pain, fatigue, morning tiredness, stiffness, anxiety, and depression were applied in the study.
Quality of life was assessed by means of the Spanish version of the Short-Form Health Survey 36 (SF-36) [33] . The SF-36 contains 36 statements grouped into 8 subscales: physical functioning, physical role, bodily pain, general health, vitality, social functioning, emotional role, and mental health. The range of scores goes between 0 and 100 in every subscale, in which higher scores indicate better health.
The Spanish version of the Hospital Anxiety and Depression Scale (HADS) [34] was used to assess anxiety and depression. The HADS contains 14 statements, ranging from 0 to 3, in which a higher score indicates a higher degree of distress. The scores build 2 subscales: anxiety (0-21) and depression (0-21) [35] .
The Spanish version of the Vanderbilt Pain Management Inventory (VPMI) [36] was used to assess coping strategies. The VPMI contains 18 statements divided into two subscales designed to assess how often chronic pain sufferers use active and passive coping strategies [37] . The Rosenberg Self-Esteem Scale (RSES) is a self-report measure designed to assess the concept of global self-esteem [36, 37] . The RSES comprises just 10 items scored on a 4-point scale that are summed to produce a single index of selfesteem. In this study we used the Spanish version [38, 39] .
The Spanish version of the General Self-Efficacy Scale [40] was used to assess the individual beliefs in her/his own capabilities to attain aims. This instrument contains 10 items scored on a 4-point Likert scale from 1 (not at all true) to 4 (exactly true). In this case, higher scores indicate a higher level of perceived general self-efficacy.
Statistical Analysis.
Demographic variables were analysed using descriptive analysis. Because of the small sample size of the data and the nonnormality in the distributions of some variables, traditional multilevel modeling techniques that rely on large sample theory for accurate P values were not appropriate. The Friedman Test, a nonparametric technique, was used to assess the training effects on the outcome variables across multiple observations. When Friedman test was significant, differences between two testing time points (pretest versus posttest, pretest versus detraining, posttest versus detraining) were tested with Wilcoxon test.
We performed a perprotocol analysis to study the participants who complied with the study protocol, which was defined as attendance at least 60% of the sessions. Analyses were performed using the Statistical Package for Social Sciences (SPSS, v. 16.0 for WINDOWS; SPSS Inc, Chicago). The differences were considered significant for P < 0.05.
Result
Five women discontinued the program due to health problem, and personal conflict, and four women were not included in the final analysis because they did not assist to any of the assessment sessions. Five women were not included in the final analysis for attending less than 60% of the program (attendance 15.56%). Adherence to the intervention was 79.8% (range 61-94%). A total of 23 women with FM completed the 28-week followup. There were no mayor adverse effects and no major health problems in the patients during the training and detraining periods.
Sociodemographic characteristics of women with FM are shown in Table 1 .
The effects of Tai-Chi training on pain are showed in the Table 2 . We observed significant changes on pain threshold of all the tender points (P < 0.001), tender point count (P < 0.001), and algometer score (P < 0.001). Post hoc analysis revealed that the pain threshold of all the tender points, tender point count, and algometer score significantly improved from pretest to posttest. These changes were maintained after detraining phase (posttest-retest) ( Table 2 ). Significant changes for sit and reach (P < 0.001), back scratch (P = 0.002), handgrip strength (P = 0.006), chair stand (P < 0.001), 8 feet up and go (P < 0.001), blind flamingo (P < 0.001), and 6-min walk (P = 0.006) tests were identified. Post hoc analysis revealed that these functional capacity tests improved from pretest to posttest. The positive changes were not maintained after detraining phase in functional capacity although the scores on handgrip strength, chair stand, 8-feet up and go, blind flamingo and 6-min walk tests were better than the pretest score. Indeed these tests showed significant improvements from pretest to retest (Table 3) .
In addition, we found significant changes in FIQ total score (P < 0.001) and in six FIQ-subscales: pain (P < 0.001), fatigue (P < 0.001), morning tiredness (P < 0.001), stiffness (P = 0.005), anxiety (P < 0.001), and depression (P < 0.001). Post hoc analysis revealed that the FIQ total score and the FIQ-subscales decreased (positive) from pretest to Evidence-Based Complementary and Alternative Medicine 5 posttest. These positive changes in FIQ total scores and in the six FIQ-subscales were not maintained after detraining phase, but the FIQ-subscales fatigue, morning tiredness, anxiety, and depression decreased from pretest to retest (Table 4 ). The statistical analysis showed changes in the following SF-36-subscales: physical function (P < 0.001), physical role (P < 0.001), bodily pain (P = 0.003), general health (P < 0.001), vitality (P = 0.018) and mental health (P < 0.001). Post hoc analysis revealed that the SF-36-subscale physical function, physical role, bodily pain, general health, vitality, and mental health increased (positive) from pretest to posttest. These improvements were maintained after detraining phase in all the previous SF-36-subscales except physical role (Table 4) . We observed changes in the VPMI-active coping subscale (P = 0.019) as well as in HADS-depression (P < 0.001) and HADS-anxiety (P = 0.009) subscales. Post hoc analysis revealed that these variables improved from pretest to posttest, but only the improvement in VPMI-active coping subscale was maintained after detraining phase (Table 5) .
We found changes on Self-Efficacy Scale and RSES scores (P < 0.001 and P < 0.005 resp.). Post hoc analysis revealed that both variables improved from pretest to posttest. These improvements were not maintained after detraining phase, but the detraining scores were better than pretest score, and significant improvements from pretest to retest were identified (Table 4) .
Discussion
This study shows that Tai-Chi exercise is potentially a useful therapy for women with FM. The main finding of the present study is that 28-week Tai-Chi training improved pain and functional capacity. The effects of Tai-Chi training were evident on symptomatology, depression, quality of life, active coping, self-esteem, and self-efficacy. The improvements persisted after the detraining phase in pain threshold, tender points count, algometer score, SF-36 subscales (physical functioning, bodily pain, general health, vitality, emotional role and mental health) and in VPMI-active coping subscale.
The program was well tolerated and had not any deleterious effects on the patients' health. The improvement in lower body flexibility concurs with our previous study [22] performed in 6 men with FM (52.3± 9.3 years). In that study, we found a positive change in lower body flexibility after 16-week Tai-Chi training (3 times/week) that was maintained after 12 weeks of detraining period. However, in the present study, the gains of flexibility were not maintained after detraining period.
The results of this study suggest that a Tai-Chi long-term training could be an effective therapy for FIQ total score and the FIQ subscales: pain, fatigue, morning tiredness, stiffness, anxiety, and depression, as well as, on the following SF-36 subscales: physical function, physical role, bodily pain, general health, vitality, and mental health. Similarly, in a recent study, Wang et al. [24] observed improvements on the Similarly, Taggart et al. [23] found significant changes on the FIQ subscale physical functioning, feel good, pain, morning tiredness, stiffness, and anxiety and in the SF-36 subscales physical functioning, bodily pain, general health, vitality, and emotional role, after 6 weeks of Tai-Chi training (2 times/week) in 21 FM patients (56.2 ± 11.9 years). However, this study did not show the effects of the Tai-Chi training in functional test or tender-point count.
In our study, the FM patients were able to walk greater distances (∼40 meters) after Tai-Chi training on 6-min walk test. This finding concurs with the study of Wang et al. [24] that also observed improvements on this test (∼55.4 meters).
To note is that this is the first study that analyzed the effect of long-term Tai-Chi training in female FM patients and it is difficult to compare our results with those of other previous studies. However, the results of present study concur with other studies that have analyzed the effects of long-term Tai-Chi training in other diseases.
We observed improvements on aerobic capacity, dynamic balance, and lower-body strength. Similarly, Lan et al. [41] found improvement in cardiorespiratory function in 9 adults patients with coronary artery bypass (56.5 ± 7.4 years) after 52 weeks of Tai-Chi training (45 minutes/every days). Lan et al. [42] found improvements in aerobic capacity after 52 weeks of Tai-Chi training (3 times/week) in 53 patients (52.8 ± 9.4 years) with dyslipidemia. Likewise, Li and Manor [43] observed improvements on aerobic capacity, dynamic balance, and lower-body strength in 25 patients (71±12 years) with peripheral neuropathy after 24 weeks (3 times/week) Tai-Chi training. However, it should be noted that these studies did not perform a detraining phase.
The biologic mechanics by which Tai-Chi might affect the clinical course of FM remains to be known. However, the degree of flexion at the hips and knees [44] the constantly shift weight from one foot to the other, as well as the rotational movements of the head, trunk, and extremities [45, 46] performed during Tai-Chi practice could be related with the improvements found in strength, balance, and flexibility in our study. The interesting findings of the present study should be interpreted in the context of the following limitations. We were not able to conduct a randomized controlled trial with a control group, and it was not possible to control the changes in the FM pharmacological treatment during the training. In addition, we did not control the influence of preexisting beliefs and expectations with respect to Tai-Chi in FM patients. On the other hand, we have analyzed the effects of Tai-Chi training in variables that have not been previously explored in female FM patients, such as tender points, balance, flexibility, strength, depression, coping strategies, self-esteem, and self-efficacy. Moreover, our study analyzed the effects of 12 weeks detraining phase.
The effects of long-term Tai-Chi training need further randomized controlled trials especially focused in the biologic and psychological mechanics by which Tai-Chi exercise might affect the clinical course of FM.
Conclusions
The improvements observed in pain, symptomatology, functional capacity, quality of life, psychological outcomes, paincoping strategies, self-esteem and self-efficacy in women with FM after a 28-week Tai-Chi training indicate that Tai-Chi may be a useful and feasible treatment in the management of FM. 
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